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Prediction of Radiative Heat Transfer in a Three-Dimensional Gas Turbine
Combustor with the Finite-Volume Method
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Abstract

The finite-volume method for radiation in a three-dimensional non-orthogonal gas turbine
combustion chamber with absorbing, emitting and anisotropically scattering medium is presented.
The governing radiative transfer equation and its discretization equation using the step scheme
are examined, while geometric relations which transform the Cartesian coordinate to a general
body-fitted coordinate are provided to close the finite-volume formulation. The scattering phase
function is modeled by a Legendre polynomial series. After a benchmark solution for three-
dimensional rectangular combustor is obtained to validate the present formulation, a problem in
three-dimensional non-orthogonal gas turbine combustor is investigated by changing such param-
eters as scattering albedo, scattering phase function and optical thickness. Heat flux in case of
isotropic scattering is the same as that of non-scattering with specified heat generation in the
medium. Forward scattering is found to produce higher radiative heat flux at hot and cold wall
than backward scattering and optical thickness is also shown to play an important role in the
problem. Results show that finite-volume method for radiation works well in orthogonal and

non-orthogonal systems.
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Properties of the medium
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Fig. 9 Effect of extinction coefficient on heat flux
profiles at hot and cold walls for the three-
dimensional gas turbine combustor.
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Fig. 10 Temperature contour for two different extinc-
tion coefficients at mid-plane
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